to vascular abnormalities including endothelial dysfunction, vascular inflammation, and increased platelet activation and aggregation in the general population. [4] Higher mean platelet volume (MPV) [5] and decreased platelet-to-lymphocyte ratio [6] also have been documented among patients with OSA, indicating the important role of platelet activation and aggregation.
Patients undergoing percutaneous coronary intervention (PCI) are a special population receiving a loading dose of antiplatelet agents (such as aspirin and clopidogrel) before the index procedure as well as a long-term maintenance dose to avoid stent thrombosis, especially for drug-eluting stents (DESs). [7] Although the antiplatelet effect of the latter drugs might be decreased in PCI patients with OSA in possible association with higher risk of stent thrombosis, the relationship between OSA and platelet reactivity in patients undergoing DES implantation with loading doses of antiplatelet agents has not been defined and is the subject of the present study.
MethodS

Ethical approval
The procedure was approved by the Institutional Ethics Committee of Nanjing First Hospital, and in accordance with the Helsinki Declaration of 1975, as revised in 2000. The written informed consent was obtained from all patients.
Study population
A total of 340 patients in Nanjing First hospital were enrolled in this study from October 2012 to April 2014 within the framework of a previously reported trial. [3] All enrolled individuals were treated with DES implantation in at least one major epicardial coronary artery, and OSA was assessed by polysomnography. The detailed exclusion criteria were as follows: intra-aortic balloon pump or other hemodynamic support devices; known OSA on continuous positive airway pressure (CPAP) treatment; intubation for mechanical ventilation; sedation given before overnight sleep study; cardiogenic shock with systolic blood pressure <90 mmHg (1 mmHg = 0.133 kPa); clinical heart failure requiring oxygen supplement; perceived high risk of malignant ventricular arrhythmia; pregnancy; history of malignancy; the inability to provide informed consent; and expected lifespan <12 months. Ninety-eight candidates were excluded from the present study due to receiving ticagrelor or disagreement of platelet function test. Hence, a total of 242 patients undergoing DES implantation were included in the subgroup analysis of association between platelet reactivity and OSA.
Pe r c u t a n e o u s c o r o n a r y i n t e r v e n t i o n a n d polysomnography All interventional procedures were performed in accordance with current guidelines. A loading dose of clopidogrel (300 mg) was administered before the index procedure. Use of glycoprotein IIb/IIIa inhibitors was at operator's discretion. Routine blood tests, hepatorenal function, lipid profile, and ultrasonic cardiogram were examined before coronary angiography. After intervention, all patients received 100 mg/d aspirin indefinitely and 75 mg/d clopidogrel for at least 12 months.
All data from overnight polysomnography screening, which is the gold standard for OSA diagnosis, [8] were collected and stored on the Embletta Gold standardized level-3 portable diagnostic system (Natus Medical Inc., Ontario, Canada). Recorded polysomnographic signals included nasal airflow, thoracoabdominal excursions, arterial oxygen saturation (SpO 2 ), snoring episodes, limb movement, electrocardiogram, and body position. All sleep studies were manually analyzed by two independent sleep technologists with registered polysomnographic technologist credentials, and disagreement was resolved by a third technologist. The primary measure of the sleep study was the apnea-hypopnea index (AHI), quantified as the total number of apnea and hypopnea episodes per hour of sleep. Apnea was defined as a ≥90% decrease in airflow from baseline value for ≥10 s. Hypopnea was defined as a 30-90% reduction in airflow from baseline value lasting ≥10 s, in conjunction with ≥3% oxygen desaturation. The respiratory events of sleep study were performed per standard criteria, and all enrolled patients had moderate-to-severe OSA (AHI >15 events/h) and none mild OSA (AHI ≤15 events/h).
Blood collection and platelet function test
Antecubital vein blood samples were collected in 3.2% sodium citrate tubes (Becton-Dickinson, Franklin Lakes, New Jersey, USA) before intraprocedural heparin administration at the catheterization laboratory. Blood samples were stored at room temperature and tested within 2 h after collection.
Platelet reactivity was assessed with a sequential platelet counting method by PL-11 (SINNOWA Medical Science & Technology Co., Nanjing, China). [9] The whole procedure was automatically performed within 15 min after transferring 500 μl citrated blood sample into a polycarbonate tube and inserting it into the detection position. Arachidonic acid (AA, 2 mg/ml) and adenosine diphosphate (ADP, 50 μmol/L) were automatically trickled into the blood sample as aggregation inducers after second detection time. PL-11 counted platelet several times until it detected the lowest level. The maximum aggregation ratio (MAR) was calculated according to the following formula: MAR = 100 − ([1 st platelet count − 2 nd platelet count]/2 − lowest platelet count) × 100%. The average aggregation ratio (AAR) was calculated as follows: AAR = (max MAR + min MAR)/2. In addition, high platelet reactivity (HPR) on aspirin was defined as MAR% ≥30%, while HPR on clopidogrel was defined as MAR% ≥55% according to the preclinical data.
Statistical analysis
Continuous variables are presented as means ± standard deviation (SD) or median (Q1, Q3) and were compared using the Student's t-test (for normal distribution) and Mann-Whitney U-test (for nonnormal distribution). Categorical variables are expressed as frequencies or percentages and were compared by Chi-square statistics or Fisher's exact test. Diagnostic accuracy of AHI for HPR on aspirin and clopidogrel was evaluated using receiver operating characteristic curve analysis, with optimal cutoff values of AHI identified by the Youden's index (sensitivity + specificity−1). Multivariable logistic regression was used to determine the independent predictors of HPR on aspirin and clopidogrel with purposeful selection of covariates. Variables associated with univariate analysis (all with P ≤0.1) and those judged to be of clinical importance from previously published reports were eligible for inclusion in the multivariable model-building process. All tests were two sided. Data were analyzed using SPSS software (version 22.0, SPSS Institute Inc., Chicago, USA) and a P < 0.05 was considered statistically significant.
reSultS
Baseline clinical, laboratory, and angiographic characteristics
A total of 242 patients (aged 41-89 years) were finally enrolled in this study, and their baseline clinical characteristics are shown in Table 1 . Patients were assigned based on AHI to the non-OSA (n = 128) and OSA (n = 114) groups. Baseline clinical characteristics between these two groups were well matched, except for higher body mass index (25.4 ± 3.0 kg/m 2 vs. 24.5 ± 3.3 kg/m 2 , t = 4.342, P = 0.038) and higher white blood cell count (7.0 ± 1.9 × 10 9 /L vs. 6.5 ± 1.7 × 10 9 /L, t = 2.329, P = 0.020) in the OSA versus non-OSA groups. In Table 1 , it showed that more patients in the OSA group had multivessel disease (68.4% vs. 53.1%, χ 2 = 5.992, P = 0.015) than non-OSA group.
Sleep study
The sleep characteristics are shown in Table 2 . All enrolled patients received an overnight sleep study for about 409 min (Z = −0.672, P = 0.501 for two groups). The median AHI in the OSA group was 34.5 events/h, significantly higher than the non-OSA group (8.1 events/h, Z = −13.422, P < 0.001 
Obstructive sleep apnea and platelet reactivity
As shown in Figure 1 Table 3 ) and HPR on clopidogrel (OR: 1.036, 95% CI: 1.017-1.056, P < 0.001).
As shown in Figure 2, 
diScuSSion
To the best of our knowledge, few studies have explored the association between OSA and platelet reactivity in patients undergoing DES implantation. The major novel findings from the present evaluation were: (1) platelet aggregation was activated in OSA patients with DES implantation, despite the loading dose of aspirin and clopidogrel, which might underlie the increased risk of stent thrombosis in OSA patients after coronary intervention; (2) OSA might be an independent predictor of HPR on aspirin and clopidogrel; and (3) the cutoff value of AHI for HPR on aspirin was 45.2 events/h (sensitivity 47.1% and specificity 91.3%) and the cutoff value of AHI for HPR on clopidogrel was 21.3 events/h (sensitivity 68.3% and specificity 67.7%).
OSA is a common disease worldwide, with prevalence among adults ranging from 5% to 14%, which is often underestimated due to a lack of awareness and limited access to polysomnography. [10] Chronic intermittent hypoxia is the significant feature in OSA, which is associated with increased risk of secondary cardiovascular disease. Moreover, OSA is also an independent risk factor for hypertension, CAD, atrial fibrillation, cardiac failure, and stroke. In our previous study, [3] about 45% of patients with DES implantation had moderate-to-severe OSA, and OSA was associated with significantly increased 2-year composite MACE rate. However, the underlying mechanisms of OSA-induced atherosclerosis remain unclear, and platelet aggregation and activation underlie occurrence and development of atherosclerosis. The previous clinical study showed that platelet activation was associated with greater levels of oxygen desaturation in obese patients with OSA. [4] Another clinical study also indicated that the severity of OSA significantly contributed to platelet aggregability, which was partially improved by CPAP treatment at 3 months. [11] The review by Liak and Fitzpatrick [12] documented that hematocrit, blood viscosity, certain clotting factors, tissue factor, platelet activity, and whole blood coagulability were increased in patients with OSA, while fibrinolysis was impaired. In addition, it has been reported that elevated epinephrine and fibrinogen levels in OSA induced binding to the glycoprotein IIb/IIIa complex on the platelet surface, leading to platelet aggregation and activation. [13] In summary, there is considerable evidence on the association between OSA and a procoagulant state, and OSA patients have abnormal platelet aggregation and activation.
Despite the aforementioned observations, there has been a paucity of evidence on the association between OSA and platelet activity in patients with DES implantation. As is well known, platelets take part in the occurrence and development of atherosclerosis and thrombosis, especially promoting the instability and rupture of atheromatous plaque in acute coronary syndrome. Hence, platelet inhibitors, for example, aspirin and clopidogrel, [14] are the cornerstones of treatment of CAD, particularly with coronary stent implantation. Despite the well-documented efficacy of antiplatelet agents, recurrent thrombotic events, particularly stent thrombosis, have been repeatedly demonstrated in stented patients. One of the most important reasons underlying stent thrombosis might be inadequate platelet aggregation and activation inhibition. The present clinical study demonstrated that platelet aggregation was activated in OSA patients with DES implantation despite the routine use of aspirin and clopidogrel, and OSA might be a potential predictor for HPR on aspirin and clopidogrel, which has been confirmed to be associated with increased risk of stent thrombosis. [15] The latter observation might explain why OSA has been independently associated with subsequent stent thrombosis and other adverse cardiac and cerebrovascular events in patients undergoing PCI. [3, 16] To this end, the type of antiplatelet agents could be switched, or dosage doubled in OSA patients to achieve a similar antiplatelet effect, which should be verified by further well-designed clinical studies.
There were several limitations in this study. First, none of the 242 patients had received treatments for OSA, and it was not possible to evaluate the effects of CPAP treatment on platelet reactivity. Second, patients were not retested for sleep data and platelet reactivity during follow-up. Third, platelet reactivity was assessed with a sequential platelet counting method by PL-11, which has been demonstrated to be correlated with light transmittance aggregometry and VerifyNow. [9] Fourth, apart from platelet reactivity, other parameters such as MPV, platelet distribution width as well as platelet-large cell rate were not assessed in the present study. Fifth, the present study was the cross-sectional design, which limited the clinical importance of this study.
In conclusion, despite a loading dose of aspirin and clopidogrel, platelet aggregation was activated in OSA patients undergoing DES implantation, and OSA might be an independent predictor of HPR on aspirin and clopidogrel. Appropriately powered clinical trials are necessary to confirm the findings from this study. 
